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Abstract Innovation policy can never be fully technology-
neutral and policies often align to support incumbent tech-
nological regimes obstructing the development of new in-
dustries. In this paper, two fields are analyzed: the life
sciences industry and the solar energy industry to evaluate
the Finnish innovation policy’s capabilities to promote
emerging industries. Qualitative research methods are used
for this exploratory study. The data consists of 29 semi-
structured interviews and two workshops. The interviewees
were chosen with snowball sampling. The data is analyzed
using a scheme of functional technological innovation sys-
tem analysis to identify blocking and inducement mecha-
nisms within the industries. The performance of key process-
es (functions) of the life sciences and solar energy innovation
systems are evaluated. Functional analysis is used to identify
underlying mechanisms which induce and hinder system
performances. Many similar mechanisms are found to affect
both of the industries. Limited commercial experience,
scarce venture capital, weak local and global networks, and
poor legitimation hinder their development. High-level re-
search and education, good infrastructure, and public R&D
support are identified as promoting mechanisms. According
to the results, Finnish innovation policy performs insuffi-
ciently in facilitating the growth of new industries. We sug-
gest that in addition to the general innovation policy mea-
sures, technology-specific measures should be designed to
create growth trajectories for emerging technologies. New
communication and knowledge exchange channels are need-
ed to support these trajectories.
Keywords Innovation policy . Technological innovation
system . Life sciences . Solar energy . Biotechnology .
Photovoltaics
Introduction
Globalization and climate change pose great challenges for
the future of the European countries. New sources of growth
are needed as the global competition weakens the profitabil-
ity of the existing industries. Global warming creates addi-
tional constraints for economic activities, but may also gen-
erate new opportunities as the customer preferences and
technological development are increasingly guided by envi-
ronmental concerns.
Forecasting and assessing the evolution of new technolo-
gies have long been focal parts of the discipline of futures
studies [3, 32, 52]. According to Jim Dator’s [15] First Law
of the Future, the future cannot be predicted but alternative
futures can be forecasted and preferred futures should be
implemented. Recently, linkages have formed between fu-
tures studies and a growing research field on sustainable
transitions (see Technology Forecasting and Social Change
2012, 79/6, Special Section). The literature on transitions
concentrates on radical changes in the systems of production
and consumption and encompasses social, economic, tech-
nological, and political dimensions. Farla et al. [24] argue
that because of the long-term orientation and prospective
nature of transition processes, the transitions literature is
closely connected to technology forecasting and futures
analysis.
The goal of innovation policy is to select a desirable future
and facilitate its realization [28]. Promoting futures which
encompass the desired technologies require the identification
of barriers, bottlenecks, and blocking mechanisms which pre-
vent them from gaining ground and developing [70]. Recent
studies [6, 30, 44] have shown that requirements for innovation
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policy vary between industries. Different technologies and
sectors have needs that should be addressed in the context of
the particular industries. General innovation policy (e.g., tax
reliefs for R&D) may provide good starting points for many
fields but their growth is often hindered by factors that are
specific to one or a few industries. Dynamic capabilities of
recognizing and removing bottlenecks which prevent industries
from reaching their full potential are needed for comprehensive
innovation policy.
Life sciences/biotechnology1 and solar energy are indus-
tries which have recently attracted lots of positive attention
in the Europe. Life sciences and biotechnology are consid-
ered to create significant opportunities for European socie-
ties and economies [27, 39]. Solar energy, especially the
photovoltaic (PV) technology, has been identified as a desir-
able future technology for Europe [7, 10, 38, 68] and ac-
knowledged also by the European Commission [17, 18, 34].
In this paper, we analyze the life sciences industry and the
solar energy industry to evaluate the Finnish innovation
policy’s capabilities to promote emerging industries. We
identify mechanisms which hinder the development of these
industries to shed light on the obstacles that lie in the way of
realizing their full potential. These two industries were cho-
sen for their similarities in their identified desirability at the
European level, their high-tech knowledge base, and start-up
firm base. They differ in their stage of development, the life
sciences industry being more mature, which gives us tenta-
tive knowledge on how the obstacles are related to the
maturity of the industry.
Theoretical framework
Innovation systems consist of three components: actors,
institutions, and networks which contribute to the genera-
tion, diffusion, and utilization of technology [9]. The ap-
proach thus acknowledges not only the exploration of new
technological and business opportunities but also their ex-
ploitation. It covers the creation, diffusion, and use of radi-
cally new products and their continuous improvement by
incremental innovation. The framework may be used to
analyze both incumbent and emerging technologies [49].
Innovation systems can be delineated by national borders
[48], regions [14], sectors [42], or technologies [43]. In this
paper, the life sciences and solar energy fields in Finland are
handled as technological innovation systems (TIS).
The actors in innovation systems may be organizations
such as firms, universities, financial institutions, governmental
agencies, groups of organizations, or individuals, e.g., con-
sumers, entrepreneurs, and scientists. They interact through
different forms of communication, exchange, cooperation,
competition, and command [42]. Institutions encompass the
“rules of the game”: laws, technical standards, regulations,
norms, routines, and shared expectations that guide and regu-
late interactions and relations between actors. Institutions can
be coherent but there are often conflicts between different
elements [19]. Networks define how different actors are inter-
related and can be either formal or informal [6]. Bergek et al.
[6] propose seven functions as tools for analyzing the perfor-
mance of a TIS: knowledge development and diffusion, entre-
preneurial experimentation, influence on the direction of
search, market formation, legitimation, and resource mobiliza-
tion.2 These all contribute to the overall goal of the system: the
development, diffusion, and utilization of innovations. The
implicit thought is that different processes in the TIS are
complementary. To function properly, all aspects of the inno-
vation processes must be taken care of.
Bergek et al. [6] argue that in order to prosper, emerging
technological innovation systems require interplay between
institutions and the actors’ needs. In different stages of
development, the systems need different kinds of support.
Functional analysis can be used to identify the most impor-
tant targets for development. According to Faber & Frenken
[23], the institutions should develop in a co-evolutionary
relationship. The policies should adjust to emerging techno-
logical paradigms and the paradigms to policies. Below, the
six functions used for TIS analysis are introduced.
Knowledge development and diffusion
A TIS is fundamentally about the creation and diffusion of
knowledge and information. The width and depth of the
knowledge base and the diffusion of knowledge between
various actors form the basis of a TIS. Knowledge is not
limited to a certain type, such as technological knowledge,
but various types of knowledge are required for a technology
to prosper. Different actors have access to different kinds of
knowledge, so comprehensive networks are important [6].
According to Cohen and Levinthal [13], R&D activities
have a twofold function. First, they generate new knowledge.
Secondly, they improve an organization’s absorptive capac-
ity, i.e., the ability to exploit outside knowledge. Taken on a
national/regional level this implies that some level of own
1 Life sciences has no universally accepted definition, and the term is
often used together with biotechnology or even interchangeably. We
define life sciences as functional foods, drug development, diagnostics,
biomaterials, bioinformatics, and medical design and technology.
2 Bergek et al. [6] include also the development of positive external
economies as a seventh function which deals with synergy benefits such
as pooled labor markets, availability of specialized goods and knowl-
edge spillovers, which arise as the TIS grows. We have omitted this
function from our analysis on the grounds of simplicity as we believe
the externalities may be discussed in the context of the other functions.
VINNOVA (the Swedish Agency for Innovation Systems) has also
decided similarly.
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research capacity has to be maintained to follow and take
advantage on research conducted elsewhere even if the re-
sources were too limited to significantly contribute to new
breakthroughs.
Borrás [8] associates different components with different
knowledge-related processes. Knowledge creation benefits
from universities, education system, testing laboratories, and
research subvention schemes. The diffusion of knowledge,
on the other hand, relies on creating connections between
relevant actors, and stimulating knowledge sharing. Actors,
e.g., technology transfer centers, bridging organizations, and
institutions such as the social and corporate praxis about the
diffusion and sharing of knowledge, play a significant role
here. In many cases, the knowledge created cannot be
exploited commercially because of weak relationships be-
tween universities and firms. Major business opportunities
may remain untapped if the scientific knowledge cannot be
developed into products because of insufficient knowledge
transfer [40].
Entrepreneurial experimentation
Schumpeter [57] described the nature of capitalism as “cre-
ative destruction” in which the market environment evolves
by destroying old structures and giving birth to new ones.
This creates considerable uncertainty about the future. TISs
must be able to adjust and adapt to the changing surround-
ings. The best way to reduce the uncertainty is constant
entrepreneurial experimentation, which consists of finding
new business opportunities from emerging technologies and
applications. Many of the experiments are bound to fail but
some might succeed. In addition, the search process induces
a social learning process into the whole system [6]. This
function can be evaluated by the number and variety of
firms, used technologies and applications [5, 64]. Pajarinen
et al. [50] argue that entrepreneurial experimentation is a
needed—and often missing—link between the creation and
diffusion of knowledge and their welfare benefits.
Influence on the direction of search
Technological innovation systems require a certain mass of
actors with different knowledge and skills in order to devel-
op. This is because the search for innovation opportunities is
a costly process and actors differ in their ability to recognize
and valuate them. Numerous actors are needed in the system
in order to increase the chances of finding a feasible direction
to pursue [6]. High number of participants provides the TIS
more resources and new actors may legitimate a new field by
their very entry [11].
Total value created by an innovation network is dependent
on how well the partners’ objectives are aligned to each other
[65]. Thus, it is in the policy maker’s interest to design
incentives for the relevant firms and organizations to join
the network. The function “influence on the direction of
search” consists of these incentives, as well as activities
which direct the search within the system, covering the
choices between different competing technologies, applica-
tions, markets, business models, etc. [4, 6].
Meijer et al. [46] emphasize the effect of policy uncer-
tainty on the attractiveness of an industry. In their study of
the bioenergy industry in the Netherlands, they found out
that uncertainty about future restrictions and continuity of
existing financial subsidies hindered the development and
implementation of biomass gasification significantly. Setting
long-term societal goals grant legitimacy to a field and
stimulate the allocation of resources for R&D.
Market formation
Market formation embodies relationships between users and
producers and is a prerequisite for emerging technologies to
compete with the incumbent ones. In many cases, actors in
new technological innovation systems are not aware of the
needs and wishes of potential customers, there might not
exist any market places and the price-performance ratio
may be poor [6]. Functioning markets are a necessary part
of innovation. It provides a platform for entrepreneurial
experimentation, creates an incentive for firm entry, and
facilitates the diffusion of knowledge [33].
Markets usually form through three stages. First new
technologies require a “protected space,” a niche, which acts
as an “incubation room” in which actors form relationships
and may learn and shape their expectations. The space may
form from a need for a specific type of technology that the
existing technologies cannot fulfill. Policy makers can also
support the growth of a new technology by providing subsi-
dy schemes and investment grants, helping the technology
cross the “valley-of-death” between research and market
introduction [6, 25, 54]. Niche markets may evolve into
bridging markets with higher volumes and more actors, and
finally into mass markets [6]. Emerging technologies typi-
cally suffer from a low adoption rate, which is partly due to a
lack of customer experiences. The potential customers tend
to share information about the new product through interper-
sonal networks which reduces the risk of adopting the prod-
uct. When a critical mass of users has adopted the product, its
diffusion curve “takes off” and it no longer needs outside
support [55].
Legitimation
Legitimation can be described as social acceptance and com-
pliance with relevant institutions. Technologies need to be
seen as feasible and adequate for actors to take interest in
them. Legitimacy is closely linked to the function “influence
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on the direction of search” since legitimacy has an impact on
expectations among managers and therefore on their strate-
gy. Legitimacy is acquired through a legitimation process
which is the result of sustained conscious efforts of different
actors. It usually aims to adjust the institutional framework to
support the development of the system better. Another goal is
to overcome the stigma of new technology in the eyes of
relevant stakeholders [6].
Emerging technological systems usually compete with
existing systems that try to defend their position and the
related institutions. Often, the best way to break through is
to form advocacy coalitions with the actors in the sector and
take concerted actions [56, 69]. Jacobsson and Bergek [33]
identify institutional weakness taking place when existing
institutions are unsuitable and difficult to amend, and net-
work weakness when there are not enough actors forming
political consortia to advocate their demands.
Resource mobilization
The viability of a technological system depends on the
availability of required resources. The resources include
human capital, i.e., education and scientific knowledge in
the related fields, financial capital in the forms of seed and
venture capital and diversifying firms, and complementary
assets like products, services, and infrastructure [6]. The
availability of resources is necessary for all innovative ac-
tivities and can be provided by, e.g., government or venture
capitalists [64]. Human capital may remove barriers to com-
munication between actors by decreasing cognitive distance
between them through education. Financial capital relaxes
budget constraints and enables all types of economic
activities.
Data and methodology3
The data of the study consists of a total of 29 semi-structured
face-to-face interviews. The interviewees, chosen with
snowball sampling, include policy makers (11), consultants
(2), researchers (4), R&D directors (3), senior executives (3),
entrepreneurs (5), and a PR manager. Twenty-four of the
conducted interviews concern the life sciences industry and
were conducted between March 2010 and December 2010.
Five interviews concern the solar energy industry and were
conducted between November 2011 and December 2011.
The interview questions were designed to elicit open-
ended responses from participants and to encourage them
to provide personal stories and perspectives to emerging
industry trends, challenges, and opportunities. Questions
were organized into several categories, including network-
ing, collaboration, university–industry relationships, indus-
try trends and dynamics, regional changes, customer in-
terface, funding, and industrial policy.
In addition, the interviews are supplemented with data
from two workshops. A 2-day foresight workshop was
conducted in the spring of 2010 with 29 representative
members from the Finnish life sciences community. During
the workshop, participant’s inputs on emerging insights,
regional concerns, and promising opportunities for long-
term success were gathered. In the winter of 2011, a solar
energy seminar was organized by the Finnish funding agen-
cy for technology and innovation (Tekes). The seminar in-
cluded a workshop with around 200 participants. The work-
shop’s aim was to identify the inducement and blocking
mechanisms of solar energy in Finland and design proposals
for action for relevant actor groups. The authors attended the
workshop and afterwards received a summary of the results
for analysis. Qualitative data is backed by quantitative in-
dicators of the industries in question.
In this paper, the technological innovation system frame-
work is used to analyze the dynamics and functionality of the
life sciences and solar energy innovation systems in Finland.
More specifically, a functional evaluation method of a TIS
presented by Bergek et al. [6] is used. The interviews were
transcribed and coded. The coding was made according to
the six above-mentioned functions. Every theme or topic was
coded with one or more functions according to their fit. The
topics which were acknowledged by multiple interviewees
or whose importance was supported by complementary data
are reported in the results section. Many of the topics were
linked with more than one function and had causal links and
feedback loops to other functions. In these cases, the topics
are discussed under the function considered the most suitable
for them. The functional analysis is used to identify the
underlying mechanisms which induce and hinder the perfor-
mance of the systems.
Results
Actors, networks, and institutions
In this section, the main constituents of the Finnish national
innovation system are briefly outlined. Although technolog-
ical innovation systems may cross national and sectoral
borders [44], the aim of this study is to identify shortcomings
in the Finnish innovation policy which puts the emphasis on
the actors, networks, and institutions at the national level.
3 The technology field referred to as solar energy should be understood
as comprising different photovoltaic (PV, solar panel) technologies in
the context of this paper. The life sciences field encompasses functional
foods, drug development, diagnostics, biomaterials, bioinformatics,
medical design, and medical technology. Most available data is about
the related and overlapping biotechnology field and may not accurately
represent the life sciences field.
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There are several actors playing an important role in the
Finnish national innovation system. The list and descrip-
tion of the actors is not comprehensive, but constructed to
contain those actors that based on interviews seemed to be
the most relevant. The networks are largely formed around
these actors.
The Finnish Ministry of Employment and the Economy
oversees Finland’s technology and innovation policy and
energy policy. The Finnish Ministry of Education and
Culture is responsible for the country’s science policy. Key
issues are coordinated by the Research and Innovation
Council, chaired by the Prime Minister. At regional level,
the national technology policy is implemented by the
Centers for Economic Development, Transport and the
Environment. Tekes (Finnish funding agency for technology
and innovation) is the main public funding organization for
applied research, development, and innovation. Another big
public financier, the Academy of Finland, concentrates more
on funding academic basic research. Sitra, the Finnish
Innovation Fund, is an independent public foundation under
the auspices of the Finnish Parliament. Sitra’s activities are
financed by the yield from its endowment capital and the
return on its venture capital investments.
Laws, standards, and regulations play an important role in
the innovation environments of the life sciences and solar
energy fields. Many of the laws and regulations are based on
EU directives, but some national institutions also have a
strong effect on the emergence and development of the
technologies. Institutions related to university–industry rela-
tionships and taxation issues were seen highly important in
the interviews.
The university–industry relationships have been crucial
for the emergence of both of the industries. The legal and
structural changes related to these relationships were seen
highly central. Especially three changes with major impacts
on the Finnish university–industry relationships were men-
tioned in several interviews. In a chronological order, the
first change is the University Inventions Act from January
2007. The objective of the act is to promote technology
transfer from universities to industry. The second change is
the establishment of the Strategic Centers for Science,
Technology and Innovation (CSTI, Finnish acronym
SHOK). They are new public–private partnerships and their
main goal is to promote collaboration between universities,
research institutes, and industry and to facilitate radical in-
novations. The CSTI of Finnish energy and environment
sector (Cleen Ltd) was established in 2008 and the CSTI of
Health and Well-being (Salwe Ltd) operating in life sciences
sector started on April 2009. Third change is the new
Universities Act which came into force on the first of
January 2010. The objective of the renewal was to give
universities a more autonomous position in terms of financ-
ing and overall management, and to offer universities better
premises to fulfill their three central assignments: research,
education, and societal interaction (Fig. 1).
In addition to the university–industry relationships, taxa-
tion issues were considered critical in fostering innovation.
Taxation has an important role in creating growth-friendly
environment where venture capitalists, business angels, and
companies feel comfortable in investing. In 2005, 70 % of
OECD member countries, excluding Finland, had tax incen-
tives for R&D investments [16]. In year 2012, the Finnish
government has decided to test R&D tax incentives for a 3-
year period [67]. The public R&D money for Finnish com-
panies as well as the tax incentives are below the average of
OECD countries [49].
Functions
Knowledge development and diffusion
In knowledge development, one of Finland’s biggest
strengths is the high quality of research. This was identified
important by interviewees from both sectors. The knowledge
base was considered notable in the life sciences by the in-
terviewees. In a national ranking of clinical medicine re-
search 2001–2011, Finland was among the top ten countries
on citations per research paper [62]. In the solar energy field,
the interviewees rated the research highly but criticized the
field for lack of focus. The number of patent applications (7)
and the RTA-index (0.2) which measures technological spe-
cialization were both very low in the solar energy field
during the period 2000–2007 [36].
Because of the small population of the country, total re-
sources for research are on a quite modest level. There is a
significant trade-off between the depth and width of the
knowledge base. If the resources are divided between all
research fields within life sciences or renewable energy
sources, none of the subfields will benefit much. On the
other hand, some level of knowledge should be maintained
in a variety of fields for the researchers and firms to be able to
follow and understand research made somewhere else.
Concerns were expressed that both of the fields lack concen-
tration. The knowledge bases are currently quite wide but
mostly not deep enough to achieve significant results. The
resources should be focused on one or few areas instead of
dividing them among many research themes.
Public policies play an important role in supporting net-
working and the diffusion of knowledge. In research-
intensive areas like the life sciences and solar energy sectors,
the university–industry relationships play a critical role in
knowledge diffusion. Tekes and EU funding require univer-
sity–industry collaboration which facilitates networking,
partnering, and gaining important knowledge from the field.
However, based on interviews the collaboration works sub-
optimally because academic projects are guided more by an
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opportunity to acquire research funding than a genuine in-
terest in collaboration. This prevents knowledge diffusion
between academia and industry. “The research groups start
calling firms to take part in their projects two weeks before
the Tekes deadline,” one interviewee described the standard
way of cooperation. “We rarely find ourselves with anything
useful after a project ends,” a firm representative commented
joint R&D projects. The best results are usually achieved
when the universities and firms plan the projects together,
collaborating right from the start.
Only recently, changes in the innovation policy have
brought academia and industry closer to each other, chang-
ing the attitudes gradually more positive towards commer-
cialization. The companies would like to be involved in the
university projects already in the planning stage, but aca-
demic researchers worry that a closer university–industry
partnership may shift the focus excessively towards applied
research. Compared with the national R&D effort, Finland’s
overall EU project participation rate is very poor [20]. This is
the case especially in the energy industry, where the actors
have traditionally found most of their partners from within
Finland. Global networking is needed to keep up with the
latest advancements in the fields and the poor participation
rate is to be considered weakness of the knowledge devel-
opment and especially the diffusion function.
The development of the technology transfer offices in pro-
moting the commercialization of university inventions is cru-
cial. To recognize the commercial potential of the inventions is
challenging, and to find a working model for the technology
transfer from university to industry requires continuous devel-
opment as well as mechanisms to develop early phase products
andmethods to a more mature state. A comment: “The Finnish
life sciences sector has potential that somehow cannot be
realized. The invention phase as such works but thereafter
the process stalls” represents a pretty typical answer in the
interviews. Organizations or funds to assure the development
of the inventions further and facilitate more efficient exploita-
tion of university inventions are needed in Finland.
Entrepreneurial experimentation
The number of firms in the whole biotechnology and life
sciences sector grew sharply until the beginning of the mil-
lennium but after that it has stagnated [31]. There are roughly
200 companies operating in life sciences sector in Finland
including consulting companies and distributors. Diagnostics
and drug discovery stand out as the most important branches.
Around 25 % of the companies are operating in the diagnos-
tics sector and 25 % in the pharmaceutical sector, biomaterials
cover around 10 % and bioinformatics 5 % [66].
In the pharmaceutical sector, there are a few domestic
producers of which Orion is the biggest one with around
€850 million annual net sales. In addition, there are some
small players with less than €20 million net sales and a few,
quite young, originally Finnish drug development companies
with a few molecules in the product pipeline. Multinational
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Fig 1 Actors in the Finnish innovation system (based on [67])
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companies Bayer and Santen also have production facilities in
Finland [21]. The total pharmaceutical sales in Finland were
around 2 billion euros with wholesale prices in 2011 [51].
Diagnostics was regarded as the most dynamic field within
life sciences with moderate development times and relatively
long history compared with many other branches. In the
diagnostics sector, there are around 30 companies and €350
million yearly net sales [29]. Big multinational companies
Thermo Fisher Scientific and Perkin Elmer have facilities
through acquisitions in Finland and are actively operating in
the diagnostic sector.
When exploring 5-year periods 2002–2006 and 2007–
2011, the number of established companies in the life sci-
ences sector has declined 30 % from 50 to 35. Around 60 %
of the new companies were small service providers. The size
of the personnel in Finnish life sciences companies is modest
and around 30 % of them are one person businesses (person-
al communication, Kai Lahtonen, Senior Advisor).
Pöyry Management Consulting Oy [53] identifies 74
companies operating in the Finnish solar power innovation
system. The companies are either Finnish or do business in
Finland. Companies associated with photovoltaics are much
more common than those who concentrate on solar thermal.
Many of the companies are not specifically concentrated on
solar power but do business in construction, real estate, or
property management. Those who focus solely on solar
power are typically recently founded and technology orient-
ed. In another study [36], the number of companies was
identified as 97 with the following positions in the value
chain (Table 1).
The growth of the companies is slow and high-growth
enterprises are largely missing from both sectors. Many of
the companies are small science-based university spin-offs.
The researchers who establish businesses do not have entre-
preneurial experience and also fail to utilize know-how from
other sectors. Some of the companies have truly original
products and are able to grow and prosper by themselves.
Others are unable to develop beyond a certain point regard-
less of their potential. These firms are often sold abroad. In
these cases, the government does not fully benefit from the
public investments made in the companies. Long-term tax
and employment effects are not achieved.
The dilemma is that small businesses are supported by
public policies, but their impact on the development of the
field is not very high. Companies which aim to expand their
business often find to be on their own. In the life sciences
sector, long-term financing is limited. In the solar energy
sector, the next step would be to conduct pilot and demon-
stration projects to gain credibility and references. These
projects are typically very expensive and funding is scarce.
According to Pöyry Management Consulting Oy [53], there
are 19 ongoing or finished development projects utilizing
solar energy in Finland. Most of these are building projects
or area development projects. Municipalities play an impor-
tant role in these projects and bureaucracy in the municipal-
ities often prevents solar projects from taking place.
Taxation, lack of funding, and attitudes towards risk are
among the top factors that hinder investments by Finnish
firms. Foreign investments are hampered by taxation, small
domestic market size, lack of knowledge about Finland and
its strengths, and distant location [58].
The general attitude towards entrepreneurship is quite
discouraging. According to an evaluation by Murray [47],
the ranking of the entrepreneurial climate in Finland is 1.6 on
a scale of 1 to 5. In comparison, the ranking of the UK is 3.9
and the USA is rated 4.9. Entrepreneurship as a career choice
is not valued highly in Finland. In addition, the ambition and
willingness to take risks are quite modest with those who
have started their own businesses. This was noted also by the
interviewees in the life sciences sector: “Many Finns have
low ambition; they are content with funding their own labo-
ratory for the next 5 years with some subsidy.” Another
interviewee commented: “I think the situation is similar to
Finnish sports: if you aim to finish 33rd at the Olympics, you
will never win. The lack of ambition and greed results in
mediocrity.” Risk averting and low ambition restrict the
growth of Finnish companies which are often satisfied with
a steady income for a few employees.
Influence on the direction of search
The actions by policy makers may have a big influence on
the attractiveness of a technology field. They should be
predictable to reduce political risk [46]. The life sciences
sector in Finland has suffered from a realized political risk.
At the beginning of the last decade, the life sciences sector
was booming and it was hoped to become a new pillar to the
Finnish economy. The attitudes however changed and the
Table 1 Value chain categorization of Finnish solar energy companies
[36, p. 108]
SMEs Enterprises Foreign parent
company
Total
Energy company – 1 – 1
Device and component
manufacturing
14 12 4 26
Import and sales 31 2 2 33
Planning and project
management
7 – – 7
Installation 19 – – 19
Maintenance 5 – – 5
Research 2 – – 2
Sector associations 2 – – 2
Other 2 – – 2
Total 82 15 6 97
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amount of public financing decreased drastically. This in turn
influenced the private investors.
In the solar energy sector, Finland does not have a feed-in
tariff to subsidy the production, like many other EU coun-
tries. The tariffs have boosted the growth of the solar sector
in the EU, but the late economic downturn has in many cases
led to decisions of running down the existing tariff systems.
This is extremely troubling because the investment times in
the energy business are very long. The existence of this kind
of political risk in Finland and in EU generates considerable
uncertainty, which reduces the effectiveness of all policy
measures as their continuity cannot be fully trusted.
Companies in both of the sectors are mostly very small
and few have much influence. Actors in the fields are too
scattered to gain from the synergy benefits of joint activities.
By joining their forces, companies could increase their com-
petences, offering, and visibility. In the solar energy sector,
large companies have strong connections to the Ministry of
Employment and the Economy which is responsible for the
energy regulation and standardization. The relationships are
either direct or via industrial associations. The ministry’s
connections to solar energy researches and SMEs are how-
ever poor. Because of limited resources, the ministry cannot
follow the field closely and lacks the latest knowledge and
understanding about the sector. A concern was expressed
that it is extremely difficult to foresee all effects of regulative
actions because of communication barriers between regula-
tive policy makers and the developers of technology. Large
companies and industrial associations encompass only some
of the relevant actors and their views may be more conser-
vative than the others.
The direction of the life sciences sector is strongly guided
by technology-push mechanisms. New products originate
from scientific developments and the lack of customer ori-
entation is considered a weakness. Companies find it hard to
acquire knowledge of the demand factors and cannot guide
their search with respect to it. With no clear shared goals, the
research has divided among many different subfields.
Synergy benefits from clustering and knowledge exchange
are largely missed.
The EU climate and energy package has a strong influ-
ence in the direction of energy research in Europe. The
package was agreed in December 2008. It is binding to all
EU member countries and includes significant reductions in
greenhouse gas emissions and increases in the use of renew-
able energy by 2020. Finland tries to reach the 2020 targets
mainly by supporting the production of bioenergy accompa-
nied with wind and water power. Solar power does not hold a
strong position in the national energy policy [61]. As a result,
creating regulation to support the development and utiliza-
tion of solar power technology and services is a low priority.
At the EU level, Finland is associated with bioenergy as
Germany is with solar power and Denmark with wind power.
Limited resources have to be divided among different energy
sources and solar is not at the top of the list.
A pervasive view that came up in the interviews was that
Finland needs shared goals concerning the development of
life sciences and solar energy. Actors should form tight
networks and decide on the direction to pursue. Input from
producers, researchers, government agencies, municipalities,
and users are needed for this. The creation of business
clusters was suggested as a good way to share knowledge
and boost collaboration.
Market formation
Recently, a concern has been expressed that the TIS frame-
work does not take geographical issues sufficiently into
account [12, 63]. A distinction between domestic and global
markets has to be made when thinking of the market forma-
tion. The domestic markets are not nearly big enough to
support many firms. The target markets are global. As there
is no local demand, Finnish companies need to go global at a
very early stage.
The know-how and business competence are gradually
accumulating, as the life sciences industry is becoming more
mature. Although many Finnish life sciences firms have
been forced to sell their innovations abroad at a quite early
stage, some older companies have survived and acquired
valuable experience. In the absence of long-term funding,
the companies have to find alternative ways of income before
the actual product is on the market. That means new, inno-
vative, business models, virtual companies, combining ser-
vice and product development, etc. Also, the bigger players
have not taken an active role in market formation.
The SMEs in the solar sector think that a domestic market
would support their business significantly. It would give
them a chance to gain reputation, credibility, and experience
in a familiar environment. Without project references and
experience in conducting projects, competing against global
players is very difficult. Another widespread view among the
companies is that although solar energy will not play a big
role in Finnish energy production, there is business potential
that could be unleashed with a little policy support. Finland
has enough skilled actors to start producing turnkey solar
panel systems for households and firms, but because of
hampering regulation and lack of subsidies, there are not
enough incentives to do so. “Finns are technology enthusi-
asts. They would get solar panels if it was only possible to
buy them,” commented one of the company representatives
at the solar energy seminar. Turnkey solar systems which
require no expertise or effort from the customer were con-
sidered critical in the formation of domestic PV markets. The
electricity prices in Finland are 15.2 % lower for households
and 26.7 % lower for industrial customers compared with EU
average [22]. This makes the opportunity cost of producing
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energy with solar panels higher than in most countries.
Producing solar energy for household’s or firm’s own use
could nonetheless be profitable since consuming electricity
on the spot saves the electricity distribution costs.
Global partnering is necessary to succeed abroad. The
global life sciences market is well-formed but Finnish actors
are largely disconnected from the relevant networks. Amir-
Aslani and Negassi [1] state that small life sciences compa-
nies need partners to share risk and to access financial re-
sources leading to the formation of strategic alliances. Our
study supported this view that small companies often lack
skills and resources to form relationships in order to pene-
trate the foreign markets. Moreover, the Finnish financiers
may be unable to help either as they are not specialized in the
life sciences area. Participation in EU projects could help in
connecting to professional networks but is currently an un-
derused channel.
Small start-ups often have funding only for a few months
ahead, and have thus limited resources to contact potential
partners. Furthermore, public funding is often not allowed to
be spent on traveling and marketing. Language and cultural
differences, geographical distance, and legal frameworks
form challenges in partnering. Good business plans, patents,
concepts, and unique products are not enough to attract
global investors to Finland. Policy support and actions, such
as tax incentives, new funding instruments, and national
patent pools are also needed.
Legitimation
The legitimation of the life sciences sector faced a downturn
in mid-2000s when Sitra (the Finnish Innovation Fund)
withdrew from the capital markets. In its footsteps, other
investors started to reconsider their investments also, and
after since the appeal of the sector has been quite low among
investors. Actors in the field are concerned that the industry
has not gained as much positive publicity as deserved.
Especially, the Finnish media was criticized for a negative
attitude towards the life sciences industry. Negative publicity
in Finnish media may have an unfavorable influence on
foreign investors. Moreover, the entrepreneurial climate,
legislation, and taxation system were not regarded as highly
supportive in Finland.
Finland has some advantages in the pharmaceutical sec-
tor, as Finnish health care is well-managed and well-
documented, the infrastructure is good and the citizens are
willing to participate in clinical trials which facilitate product
development. The public attitudes towards research in life
sciences sector are positive, thus promoting the adoption of
new techniques and innovations among users and customers
[41]. However, slow permit and reimbursability processes in
healthcare prevent big pharma investments, even though
Finland has a long track record in clinical trials.
Based on the interviews, the lack of legitimation is one of
the biggest obstacles in the development of the solar inno-
vation system in Finland. In principle, the solar energy
technologies, especially PV, have strengths that could ease
their acceptance. For example, PV panels do not reshape the
landscape the same way wind power generators do. They do
not rely on the economies of scale in size unlike wind
turbines: small rooftop panels are as efficient as big power
plants. Small panels can be built without taking building
regulations into account. Small-scale solar production also
fits well into the recent trend of building and developing
smart electricity grids, which facilitates distributed energy
production. The life cycle of a PV panel is long and they
require little maintenance. Despite these points, solar power
is not seen attractive in Finland. Most of the arguments
against it concern the country’s light conditions. However,
according to Šúri et al. [60], the yearly sum of irradiation in
southern Finland is approximately at the level of Germany
and the UK.
Actors who do not follow the development of the solar
field closely are at risk of having false understanding and
misconceptions. Information acquired 2 years ago is inevi-
tably outdated. Thus the limited resources of policy makers
hinder the legitimation process. This point is notable because
the solar energy actors in Finland do not have an advocacy
coalition to lobby for their interests. The policy makers
receive conflicting information about the profitability and
development of the solar energy technologies while the firms
and researchers seem to be unanimous. Actors in the solar
energy field are sometimes referred to as “solar believers.”
This indicates that they are considered overoptimistic about
the technology.
The solar regulation supports distributed energy produc-
tion by relaxing some of the bureaucracy and requirements
for small scale activities. For example, the owners of below
2 MVA solar power systems cannot be charged for the costs
of strengthening the power grid when they connect to it.
Also, electricity produced to one’s own use by small systems
is not taxable. Several interviewees however noted that in
practice it is not easy to connect solar panels to the power
grid. Bureaucracy and technological requirements make
connecting difficult. Selling surplus electricity can also be
hard. Finding a buyer for energy supply that is fluctuating
and small in scale is rarely easy. Regulation also prevents
selling electricity directly, e.g., to one’s neighbors. Energy
must always be transferred via a transmission system
operator.
Resource mobilization
Finland is one of the most research-intensive countries in the
world. Finnish national R&D expenditure is 3.8 % of GDP
[59]. Seventy percent of these R&D investments are covered
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by private sector and 30% comes from the public sector [59].
However, the private sector figures are dominated by the ICT
sector. Nokia covered about half of the private R&D invest-
ments in Finland in 2011 [35]. Based on the interviews,
Finland stands out with its good educational system, high-
quality basic research, good infrastructure, and internation-
ally recognized technological competence. High-quality ed-
ucation lays the foundation for building expertise and world-
class innovations.
The public health care system provides an advantage
compared with other countries in the life sciences sector.
The Finnish health care system has comprehensive patient
registers, which may increase the potential of clinical studies.
Further, Finland has committed resources to develop a
biobanking infrastructure that is hoped to improve the health
care in Finland, provide opportunities for international col-
laboration and research services, and help to integrate its
research infrastructure with the EU’s efforts [26].
A smart electricity grid is an update to the traditional
electricity grid infrastructure. It acquires information on the
supply and demand factors and gathers and distributes elec-
tricity accordingly. Two-way communication and transmis-
sion make it possible for small energy producers to sell their
power back to the grid. This increases the attractiveness of
residential solar panels. Therefore investments in smart grid
infrastructure may be considered complementary to invest-
ments in PV technology. The smart grid infrastructure is
being developed in a large scale. In 2013, smart electricity
meters will be installed in 80% of Finnish households. Smart
grids are also researched, e.g., in the Smart Grids and Energy
Markets programmes in CSTI Cleen Ltd and in Tekes’s
Sustainable community programme.
Finland’s pervasive weakness in all sectors is the absence
of venture capital. Public R&D funding is on a relatively high
level but cannot account for all of the needs. EU funding is
available but not much of it ends up in Finland. In 2008, the
total amount of VC investments for start-up companies was
€127 million which was divided among 196 growth-stage
companies. In 2009, the amount decreased to €93 million for
167 companies [45]. This was considered a critical barrier for
the development of the industries by practically all of the
interviewees. The lack of business know-how stands out as
weakness in the human capital stock. The entrepreneurs orig-
inate mostly from the academia and lack skills and experience
required in penetrating global markets.
Summary
The analysis shows that there are several bottlenecks that
prevent both of the industries in focus from developing
further. These are gathered in Table 2. Most of the bottle-
necks concern barriers to growth that fresh start-up compa-
nies face. The observed combination of weak performance in
high-growth entrepreneurship and the high level of research
and notable R&D investments per capita is sometimes called
“the Finnish paradox” [2].
Despite Finland being a small country in terms of popu-
lation, actors in both of the fields are quite scattered and
unconnected. The research areas and product offerings are
divided into many detached segments. This deprives the
actors from synergy benefits such as the economies of spe-
cialization, technological spillovers, and pooled labor mar-
kets [6, 37]. Without shared goals, their visibility and influ-
ence over policy makers will stay low. This in turn affects
resource mobilization by reducing the amount of both public
and private funding. The university–industry relations still
have room for improvement which reduces the amount of
inventions that are tried in the markets.
The remote location of Finland at the outskirts of Europe
creates additional difficulties in forming connections to glob-
al networks required to penetrate the global markets. The
problem exists both in the academia and in the industry but is
more significant in the latter. Finnish universities do not
attract many foreign researchers and participation rate in
international EU projects is low. The real problem however
is the obstacles companies face in gathering investments
from abroad and getting their products in global markets.
Language and cultural differences, geographical distance
(travel costs, time zones) and varying legal frameworks
make it more difficult for a Finnish firm to break through
than for instance a firm from the USA.
Public attitudes towards an emerging industry have a
strong effect on market formation, the amount of researchers
and companies willing to join the field as well as the finan-
cier’s interest in investing in it. Both of the case study
industries suffered from a bad public image resulting from
overoptimistic expectations (life sciences) and prejudices
and false information (solar energy). Emerging industries
typically have little means to widely affect their public
perception.
Small firm size may act as a barrier between policy makers
and firms. Policy makers are informed of the regulative needs
of firms mostly via big enterprises and advocacy coalitions. In
the life sciences and solar energy sectors, most of the compa-
nies are very small and the policy makers are not aware of
their needs. This has an effect on the design of incentives and
regulations.
The point above is related to the observation of technology-
specific policy needs. The life sciences sector, especially the
pharmaceutical sector, has very long and costly development
periods and the current public funding system seems to fail to
take this into account. The resources are shared between many
small projects while it would arguably be more useful to fund
few big projects instead. The development of the Finnish life
sciences and PVmarkets is also hindered by regulative issues.
Limited understanding about the industry’s leading to
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insufficient actions is currently a significant bottleneck in
Finland. Dynamic capabilities to develop institutions in co-
evolution with the industries are missing.
The companies in both of the sectors are often university
spin-offs and tend to lack know-how to commercialize their
technologies. Getting products into markets is hindered by
the lack of employees with adequate experience in commer-
cialization. In other words, the life sciences and solar energy
fields are hindered by the absence of the right kind of human
capital.
Discussion
Many of the results concern difficulties in creating growth
trajectories for emerging knowledge-intensive industries. In
Finland, the knowledge creation processes are in good shape
but the knowledge is poorly exploited. Start-ups get founded
but high-growth entrepreneurship is very rare. According to
this study, themost immediate causes are limited resources and
poor international commercialization skills. These problems
arise from the facts that there are no shared goals concerning
the future of the industries. Academia, industry, and policy
makers should together define clear targets for future develop-
ments and act accordingly. At the moment, lots of potential and
effort is wasted because the actors in the innovation systems
are not aligned to support each other. The Finnish economy has
previously led by ICT, forestry, metal and machinery indus-
tries, and large enterprises. The growth has not been dependent
on promoting the growth of SMEs which may have guided the
policy makers away from developing institutional settings that
support high-growth entrepreneurship.
Low amount of venture capital and remote location are
known difficulties for Finnish firms. Different technological
innovation systems however face their own special charac-
teristics. We argue that in order to support the growth of
emerging industries the policy makers have to increase com-
munication with relevant actors, analyze the strengths and
weaknesses in the TISs and react with technology-specific
policy measures aiming to remove bottlenecks that prevent
the industries from reaching their full potential. Our sugges-
tions for relevant policy measures for the life sciences and
solar energy industries include means and incentives for
tighter local and global networking, influencing public opin-
ion, eliminating prejudices, raising awareness, and designing
needed regulation and demand-based innovation policies to
boost domestic market creation.
Technological path-creation by policy makers has a risk of
‘picking the wrong winners’, i.e., investing in technologies
that will not yield commercial or societal benefits. This is not a
trivial concern and answering it demands strong forecasting
skills. Methods of evaluating emerging technological systems
need to be further developed. The functional evaluation model
used in this study provides a useful way to divide complex
systems intomanageable components. However, the functions
are not very explicitly defined. Many topics that arise from the
data could not be exclusively associated with only one func-
tion. For example, the functions influence on the direction of
search and legitimation have similarities and overlap with
each other. Different functions are interdependent and may
affect each other by causal relations and feedback loops.
Bergek et al. [6] included a seventh function, development of
positive external economies, in their original model to capture
the interdependencies. We considered it significantly different
Table 2 Summary of the blocking mechanisms
Mechanism Weakens the functiona Description
Low level of domestic
collaboration
a, b, c, f Low connectedness of the actors hampers the development of shared goals and
decreases synergy benefits from collaboration.
Absence of advocacy coalitions limits the visibility of the fields and reduces
influence over policy makers.
Poor university–industry relationships hinder knowledge transfer.
Remote location a, b, d, f Geographical, institutional and cultural distances from global networks make
knowledge transfer, attracting funding, and commercialization difficult.
Public image a, b, c, d, e, f Poor public images discourage actors from joining the fields which creates negative
feedback loops that decrease the performances of all functions.
Small firm size c, e SMEs are lacking communication channels with policy makers who in turn are unable
to acknowledge their needs.
Technology-specific
policy needs
a, e, d Insufficient regulation and legislation generate difficulties in the commercialization
of the products.
Differences in research and development times are not acknowledged in public funding.
Lack of business
know-how
b, f Lack of commercialization experience hinders the market introduction of new products
a Functions: (a) knowledge development and diffusion, (b) entrepreneurial experimentation, (c) influence on the direction of search, (d) market
formation, (e) legitimation, (f) resource mobilization
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from the other functions and decided to omit it from the paper
and discuss the synergy effects (or their absence) with their
appropriate functions. Further development of the theory
should focus on designing clear indicators and assessment
methods for the functions to enable comparability between
different technological innovation systems.
Our data covers qualitative interviews from two emerging
high-tech innovation systems. Although the results have
been complemented with some quantitative data they should
be considered exploratory and preliminary. The life sciences
and solar energy fields share some common elements but
they differ in their stages of development the life sciences
field being much more evolved. While it is interesting to
notice that these two fields face problems that are very much
alike, more research on industries at different development
stages could reveal information on which mechanisms play
the most important role in which stages. Further research on
other emerging fields would back or contradict our findings
and determine their generalizability.
Conclusions
Finland has been praised for its innovation policy, which has
led to success especially in ICT, forestry, and machinery
industries. The traditional industries are currently however
losing ground and new sources of growth are needed.
Innovation policies, technological development, and social
practices tend to evolve to support certain industries and
provide beneficial synergy benefits and economies of scale
and scope. At the same time, they may create barriers for
emerging technologies.
This study analyzes the life sciences industry and the solar
energy (PV technology) industry in Finland to evaluate the
Finnish innovation policy’s capabilities to promote emerging
industries. Using a functional analysis scheme of technological
innovation systems, several shared bottlenecks are identified.
Both of the industries do quite well in knowledge creation.
Low level of domestic collaboration, remote location, poor
public image, small firm size, unmet technology-specific pol-
icy needs, and lack of business know-how are mechanisms that
prevent the industries from exploiting the created knowledge
commercially by reducing available funding and making inter-
national commercialization difficult.
Many of the bottlenecks of the technological systems are
technology-specific. Based on this, we argue that each industry
and their needs should be evaluated individually. Accomplishing
long-term competitiveness and continuous development of de-
sirable technological systems is however not amatter of one-time
political reform. Arrangements are needed where policy makers
are informed of the latest developments and able to adjust their
actions accordingly. Supporting the development of emerging
industries requires dynamic capabilities from the policy makers.
Communication and knowledge exchange between policy
makers, firms (especially SMEs who are numerous) and acade-
mia needs to be improved in order to design sustainable innova-
tion policy.
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